Recently, Bajnok [1] design X is one of important objects in combinatorics. It might be viewed (see [2] ), in a sense, as an approximation of the discrete sphere The concept of spherical t-design was generalized by Neumaier and Seidel ([4] , see also Delsarte and Seidel [5] ) by allowing weights and multiple spheres. In their papers, Neumaier and Seidel and also Delsarte and Seidel conjectured the non-existence of tight Euclidean 2e-designs except the trivial ones. The first breakthrough on this area was performed by Bannai and Bannai [6] . Having slightly generalized the previous concept of Euclidean t-designs by dropping the condition of excluding 0 vector, they constructed a tight Euclidean 4-design in 2  supported by two concentric spheres as a counter-example for the conjecture. Moreover, they also completely classified tight Euclidean 4-designs with constant weight in n  , for 2 n  , supported by two concentric spheres. Recently, in a joint work with Bannai and Bannai [7] , the author introduced a new concept of strong non-rigidity for Euclidean t-designs. By using this new concept we also disproved Delsarte-Neumaier-Seidel's conjecture by showing the existence of infinitely many tight Euclidean designs having certain parameters.
Going back to Delsarte, Goethals and Seidel, regarding the spherical designs they showed that there is no tight spherical 6-designs in any Euclidean space except the one on answering this question, we divide them into two cases: the ones with constant weight and the others with non-constant weights. We observe that if the designs contain 0 vector, then by Lemma 2.15 given in the next section, 6 2 e  should be even, which is impossible. Moreover, if X is a tight Euclidean 6-design with constant weight, then Lemma 2.11(3), Remark 2.14, and Lemma 2.15 below imply p = 2 or 3. The purpose of this paper is to give a partial answer for the question by restricting our observation only to tight Euclidean 6-designs supported by two concentric spheres, sitting on the Euclidean spaces of small dimension n. Namely, we prove the following main theorem. 
The weight function of this design is
We remark that the design in the theorem above was constructed by Bajnok [1] .
Hence the theorem says that in the Euclidean space of small dimension, Bajnok's construction of such designs is a unique configuration.
The paper is organized as follows. In section 2 we lay the groundwork for our result. We begin with some basic facts about association schemes. We also recall some facts about distance sets, spherical designs as well as Euclidean designs. We proved our main theorem in Section 3. Section 4 summarize the current status of classification of tight Euclidean designs. We end the paper by giving a conjecture on the (non-)existence of tight Euclidean 6-designs in n  , for 2 n  , supported by two concentric spheres.
Preliminaries
This section contains some basic facts on association schemes, spherical designs, and Euclidean designs. We begin with association schemes.
Association Schemes
See [8] and [9] for undefined terms in association schemes. equivalence relation on the set X . If X is not imprimitive, the X is called primitive.
Lemma 2.1 (see, e.g., [10, 11] 
Krein Parameters
Since the Bose-Mesner algebra is also closed under the Hadamard product, then we may write 
be a symmetric association scheme. Let also P and Q be the eigenmatrices of the scheme. The association scheme X is called P- . n s n s X nn
Spherical t-designs
Here is the exact definition of spherical t-designs as introduced by Delsarte, Goethals, and Seidel in 1977 [3] . 
for any polynomial     
Again, the theorem below was also proved by Delsarte, Goethal, and Seidel [3] . 
Remark 2.7
In fact [3, Theorem 7.4], neither stated nor proved that the association scheme is Q-polynomial. The detail proof is given, e.g., in [12, Theorem 7.2.6], (c.f. [13, Theorem 9.6.4]) but Bannai and Bannai never claim the above theorem to be from them, instead they always refer the theorem to Delsarte, Goethal, and Seidel (see, e.g., [14, Theorem 3.5] , [15] ). Now, let us turn to Euclidean designs.
Euclidean t-designs
Let X be a finite set in
, , :
is a norm of x defined by standard inner product in n  and i r is possibly 0.
For each i, we define
, the sphere of radius i r centered at 0. We say that X is supported by the p concentric spheres 12 With the notation mentioned above, we define a Euclidean t-design as follows. 
The maximum value of t for which X is a Euclidean t-design is called the strength of X .
The following theorem gives a condition which is equivalent to the definition of Euclidean t-designs. (1) and (2) are equivalent: Then we have the following (see [17] , [3] , [5] , [12] , [16] ).
Lemma 2.13
The following three statements hold: 
where e is a non-negative integer.
(b 
Djoko Suprijanto
We close this section by the following lemma (see [6] or [7] for the proof.) 
Xw is a tight Euclidean 2e-design on S , then the following

Proof of Main Theorem
We prove Theorem 1.2 by contradiction. The general idea is to show that the assumption of the existence of tight Euclidean 6-design of certain given parameters does not carry a Q-polynomial scheme of class 3. Hence we get a contradiction. The detail follows.
Let 12
X X X   be a tight Euclidean 6-design in n  , for 28 n . By Theorem 2.12, we know that i X is (similar to) a spherical 4-design. We also know, by Lemma 2.11, that a tight spherical 4-design i X is also a 2-distance set, while the non-tight one is also a 3-distance set. Therefore, Theorem 2.6 guarantees that the non-tight spherical 4-design i X should carry a 3-class Qpolynomial scheme.
On the other hand, van Dam [18] gives all feasible character tables of the 3-class symmetric association schemes on points up to 100. By the help of Lemma 2.1, we know that the symmetric association scheme on i X can be embedded into a unit sphere, which also give us the feasible 3-inner product set. Hence, keeping in mind that any distance set in the unit sphere has one-to-one correspondence with an inner product set, we can investigate whether the finite set i X carries a 3-class Q-polynomial scheme, by comparing the numerical 3-inner product sets (obtained from Lemma 2.16) with the feasible ones (given by van Dam's character tables).
Let us consider first some special cases.
Some Special Cases
We begin with some elementary facts. We notice that there are three kind 3-class symmetric association schemes of 0, 0
Hence for the first two cases, the schemes are not Q-polynomial, while for the last case, the scheme is Q-polynomial if and only if 2 n  or 2 m  , that is if cardinality of the finite set carrying the scheme is even. Furthermore, the only feasible 3-inner product set given by this scheme is   1 1 ,1 m  , for 2 m  . We will include this feasible set in our observation below.
Remark 3.1 We checked the above degenerate cases for all possible ordering of the primitive idempotent basis E 0 , E 1 , E 2 , E 3 . Here we consider the character table P  obtained from P by applying a permutation to the set of its rows but the first (there are six possibilities) and we have: two of them give 3 11 0 q  , 1 qn  and the others 3 11 0 q  , 2 11 0 q  (for type (3)).
Next, let us consider the following cases. nN) = (3, 9), (4, 14), (5, 20), (7, 35), (8, 44) .
Case
These are the cases where 1 X is a tight spherical 4-design. By BannaiDamarell's criteria (see [19] , c.f. N 1 ) = (3, 9) , (4, 14) , and (5, 20) are also a direct consequence of a work of Boyvalenkov and Nikova [20] , where they improved the lower bound of tight spherical 4-designs on S 2 , S
3
, and S 4 , from 9, 14, and 20 to 10, 15, and 21, respectively. Now, let us turn to the general treatment. We begin with the constant weight case. Step 1: Given n, N 1 , and N 2 .
Case 1: Constant Weight
Step 2 ,,    .
Step 3: Compare   
The weight function is given by   Step 1: Given n, N 1 , and N 2 .
Step 2: If there exist 3-class symmetric association schemes on N 1 and N 2 points simultaneously, then further check if X i carries a Q-polynomial scheme (by Corollary 2.4). If such a polynomial scheme exists, then -Calculate the weight function w by equation (7) in Lemma 2.16.
-Substitute the weight function w to equation (8) 
(See the Appendix for example of calculation results.)
In summary, our assumption of the existence of tight Euclidean 6-designs with certain given parameters implies:
1. the non-existence of tight spherical 4-design in a Euclidean space of given dimension (by Bannai-Damarell's criteria), or 2. the non-existence of 3-class symmetric association scheme on N 1 or N 2 points (by checking on van Dam's table), or 3. the non-existence of 3-class Q-polynomial scheme on N 1 or N 2 points (by Krein condition), or 4. the 3-class symmetric association scheme on N 1 points does not provide the 3-inner product set (by looking at van Dam's table), or 5. the numerical 3-inner product set does not appear, or 6. the numerical 3-inner product set does not coincide with the 3-inner product set provided by the character table of Q-polynomial scheme on N 1 points.
All of these lead to a contradiction. Hence, we have proved the main theorem.
Concluding Remarks
As we have seen, there is no tight Euclidean 6-design supported by two concentric spheres in Euclidean spaces of small dimensions, namely in ,, ,, ,, 
